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Abstract 



PURPOSE:To use an electrostatic chuck preferably for a heat CVD unit or the like to be used under 
conditions of high temperature and middle to high vacuum, prevent warping or distortion in a wafer in 
heat processing the wafer, and achieve a uniform heat for the whole surface of the wafer. 
CONSTITUTIONS film-type electrode 1 is formed on a main surface 4a of a disc-like ceramic substrate 
4. An insulation dielectric layer 2 comprising silica nitride or the like is formed on the disc-like ceramic 
substrate 4 covering the film-type electrode 1 to be integrated. The film-like electrode 1 is thus included 
between the ceramic substrate and insulation dielectric layer 2. An electrode terminal 5 is embedded in 
the ceramic substrate 4, the film-type electrode 1 is connected with one end of the electrode terminal 5, 
and an electrode cable 6 is connected with the other end of the electrode terminal 5. This electrode 
cable 6 is connected with a positive pole of a DC power supply 8, and a negative pole of the DC power 
supply 8 is connected with a ground wire 7. The insulation dielectric layer 2 comprises ceramic of a pore 
ratio of 3% or less, and a pore diameter of 5 m or less for the maximum pore. 
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Title of the Invention 
ELECTROSTATIC CHUCK 

Abstract 

Object: To provide an electrostatic chuck capable of suitably being used for a 
thermal C VD device or the like under conditions of high temperature and middle to 
high vacuum, and to prevent a wafer from warping and straining at the time of a 
heating process of a wafer, thereby evenly heating an entire surface of the wafer. 
Configuration: A film-like electrode 1 is formed on a main face 4a of a disk-like 
ceramic substrate 4. An insulating dielectric layer 2 made of silicon nitride or the 
like is formed on the disk-like ceramic substrate 4 so as to cover the film-like 
electrode 1, and all components are integrated. Consequently, the film-like 
electrode 1 is interposed between the ceramic substrate 4 and the insulating 
dielectric layer 2. An electrode terminal 5 is embedded in the inside of the 
ceramic substrate 4, the film-like electrode 1 is connected to one end of the 
electrode terminal 5, and an electrode cable 6 is connected to the other end of the 
electrode terminal 5. The electrode cable 6 is connected to a positive electrode of a 
direct current power source 8, and a negative electrode of the direct current power 
source 8 is connected to an earth wire 7. The insulating dielectric layer 2 is made 
of a ceramic having a porosity of 3% or less and a pore diameter of the largest pores 
of 5 |im or less. 

Claims 

1. An electrostatic chuck which is constituted by coating one main face of 
an electrode with an insulating dielectric layer and which electrostatically adsorbs 
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an object to be adsorbed on the insulating dielectric layer, wherein the insulating 
dielectric layer is made of a ceramic having a porosity of 3% or less and a pore 
diameter of the largest pores of 5 |im or less. 

2. The electrostatic chuck according to claim 1, wherein the ceramic is 
any one of materials selected from silicon nitride, aluminum nitride, beryllia, 
magnesia, spinel, and alumina having a purity of 97% or more. 

3. The electrostatic chuck according to claim 1, wherein the electrode is 
formed on one main face of a ceramic substrate, and the insulating dielectric layer 
is further formed on this main face so as to cover the electrode. 

4. The electrostatic chuck according to claim 1, wherein the electrode is 
formed in one main face of a ceramic substrate, the insulating dielectric layer is 
further formed on this main face so as to cover the electrode, and resistance 
heating elements are embedded in the ceramic substrate to make it possible to heat 
said object to be adsorbed by radiating heat by applying electric power to the 
resistance heating elements. 

Detailed Description of the Invention 
[0001] 

Field of the Invention 

The present invention relates to an electrostatic chuck for electrically 
fixing and holding samples in the case of processing or inspecting the samples 
made of dielectric materials, semiconductor materials and the like. 



[0002] 
Prior Art 

In a step of processing or inspecting a semiconductor wafer, it is required 
to fix and hold the wafer at a prescribed position in a processing device or an 
inspecting device. Conventionally, as semiconductor wafer fixing techniques in 
such a case, various methods employing such as mechanical fixation, a vacuum 
chuck, and an electrostatic chuck have been known and for example, they are 
employed for transportation, exposure, film formation, precision processing, 
washing, dicing and the like of semiconductor wafers. 
[0003] 

On the other hand, in the case of semiconductor wafer heating and 
temperature control in especially film formation process by CVD, sputtering and 
the like, if the temperature of the object face of a semiconductor wafer to be heated 
cannot be made even, it results in decrease of the yield of the semiconductor 
production. In such a case, if mechanical fixation is employed, the film formation 
becomes uneven since pins are brought into contact with the surface of the 
semiconductor wafer and for example, even if a semiconductor wafer is placed on a 
wafer heating face of a disk-like heater, the semiconductor wafer is warped and 
strained and gaps are formed locally between a portion of the semiconductor wafer 
and the flat wafer heating face since the entire face of the semiconductor wafer is 
not necessarily evenly pressurized. In a middle to high vacuum degree, for 
example, at 10" 3 Torr or lower, since the heat conduction attributed to gas 
convection is slight, the temperature difference between the portions of the 
semiconductor wafer which is brought into contact with the heating face and the 
portions at gaps from the heating face becomes significant. Further, so-called 



vacuum chuck cannot be used in the middle to high vacuum conditions for 

sputtering, a CVD device, or the like. 

[0004] 

On the contrary, an electrostatic chuck is capable of fixing a sample with 
improved flatness and easy to handle, so that it is especially useful in the field of 
the semiconductor fabrication. 
[0005] 

The electrostatic chuck for electrostatically holding a sample utilizes 
adsorption force of two capacitor plates charged with opposed polarity to each other 
and is composed of an electrode, a dielectric layer, and a conductive or 
semiconductive sample. The adsorption force F of such an electrostatic chuck 
applied to the sample is significantly affected depending on the dielectric layers 
formed between the electrode and the conductive or semiconductive sample and can 
be expressed by the following equality: 

F = (l/2)£r 2 £0 S(V/t)2 ... (1), 

wherein £ r : relative permittivity of the dielectric layer, 

Eo: permittivity in vacuum, 

S: electrode surface area, 

V: applied voltage, and 

t: the thickness of the dielectric layer. 

[0006] 

As it can be understood from the above-mentioned equality (1), as the 
thickness t of the dielectric layer becomes thinner and the relative permittivity of 
the dielectric layer becomes higher, a constant adsorption face F can be obtained 
even if lower voltage is applied. Further, the higher the dielectric strength of the 



dielectric layer becomes, the higher the voltage to be applied can be increased. 
Further, since a sample is repeatedly fixed in the dielectric layer, the dielectric 
layer is required to be wear resistant. 
[0007] 

Conventionally, as the dielectric layer for the electrostatic chuck, a 
polyimide film or a ceramic film has been used. (For example, reference to 
"Applied Mechanical Engineering" pp. 128-133, May 1989). 
[0008] 

Problems to be Solved by the Invention 

However, in the case a polyimide film is used as a dielectric layer of an 
electrostatic chuck, there is a problem on the wear resistance. Also, in any cases 
of using a polyimide film or a ceramic film, since the dielectric strength 
deterioration is so significant at a temperature as high as, for example, 200° C or 
higher, it becomes impossible to apply high voltage and it results in a problem that 
sufficiently high adsorption force to hold a wafer or the like cannot be obtained, 
that is, a conventional electrostatic chuck can be used only up to 200°C or so. The 
present invention aims to solve the above described problems and to provide an 
electrostatic chuck usable at a temperature as high as 200°C or higher, preferably a 
temperature of 400°C or higher. 
[0009] 

Means for Solving the Problems 

The present invention is directed to an electrostatic chuck which is 
constituted by coating one main face of an electrode with an insulating dielectric 
layer and which electrostatically adsorbs an object to be adsorbed on the insulating 
dielectric layer, wherein the insulating dielectric layer is made of a ceramic having 



a porosity of 3% or less and a pore diameter of the largest pores of 5 |im or less. 

[0010] 

Examples 

Example 1 

Fig. 1 is a schematic cross-sectional view showing an electrostatic chuck 16 
according to an example of the present invention. In the Fig. 1, a reference 
numeral 1 denotes a film-like electrode formed on one main face 4a of a disk-like 
ceramic substrate 4. An insulating electric layer 2 made of silicon nitride is 
formed on the main face 4a of the disk-like ceramic substrate 4 so as to cover the 
film-like electrode 1, and all components are integrated. Accordingly, the film-like 
electrode 1 is interposed between the ceramic substrate 4 and the insulating 
dielectric layer 2. An electrode terminal 5 is embedded in the inside of the 
ceramic substrate 4, the film -like electrode 1 is connected to one end of the 
electrode terminal 5, and an electrode cable 6 is connected to the other end of the 
electrode terminal 5. The electrode cable 6 is connected to a positive electrode of a 
direct current power source 8, and a negative electrode of the direct current power 
source 8 is connected to an earth wire 7. 
[0011] 

At the time of operating the electrostatic chuck, an object to be adsorbed 
such as a semiconductor wafer 3 or the like is mounted on the upper face of the 
insulating dielectric layer 2, the earth wire 7 is brought into contact with the object 
to be adsorbed, and voltage is applied between the object to be adsorbed and the 
film-like electrode 1, so that the object to be adsorbed can be fixed and held on the 
insulating dielectric layer 2. In order to obtain a high adsorption force by the 
electrostatic chuck, it is required that the resistance of the dielectric layer is low to 
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a certain extent as a condition and, practically, the volume resistivity of about 10 20 

to 10 22 fi^cm is supposed to be the optimum. 

[0012] 

Since the insulating dielectric layer of this example is made of silicon 
nitride, the electrostatic chuck can be used for a semiconductor fabrication device 
such as a thermal CVD device. That is, in a thermal CVD device, the insulating 
dielectric layer is heated to 600°C at maximum. However, the volume resistivity 
of the insulating dielectric layer 2 made of silicon nitride is 10 20 fl«cm even if the 
layer is heated to such a high temperature and is kept at a value suitable to 
electrostatically obtain the adsorption force. Further, since silicon nitride having 
a porosity of 3% or less and a pore diameter of the largest pores of 5 |im or less is 
used for the insulating dielectric layer 2 in this example, the dielectric strength of 
the insulating dielectric layer 2 is high even at a temperature as high as 600°C; 
therefore, direct current voltage necessary to adsorb a wafer or the like can be 
applied and sufficiently high adsorption force can be obtained. In this example 
where silicon nitride is used for the insulating dielectric layer 2 as described above, 
in the case where the film thickness of the dielectric layer 2 is controlled to be 300 
pm and the temperature is controlled to be 600°C, adsorption force of 1000 g/cm 2 
can be obtained by application of direct current voltage of 1000 V. 
[0013] 

Meanwhile, in the case where silicon nitride having a porosity of 10% or 
less and a pore diameter of the largest pores of 20 |im is used for the insulating 
dielectric layer 2, before adsorption force of 1000 g/cm 2 is obtained at a temperature 
of 600°C, the dielectric breakdown occurs in the ceramic dielectric layer to make it 
impossible to use the dielectric layer for an electrostatic chuck. 



[0014] 

The porosity of silicon nitride to be used for the insulating dielectric layer 
2 is obtained by measuring by Archimedes' method using specimens produced 
under same conditions. The pore diameter of the largest pores is obtained as the 
average value of 50 largest pores observed in 10 points of polished faces using five 
specimens produced also under the same conditions. 
[0015] 

The reason for different voltage values possible to be applied depending on 
the porosity and the pore diameter of the largest pores of silicon nitride used for 
the insulating dielectric layer as described above can be supposed as follows. That 
is, since the permittivity of the pores in a ceramic is equal to that of air, when a 
large number of pores exist in the ceramic, the actual permittivity of the ceramic is 
decreased. Considering that on the basis of the logarithmic mixing rule, the 
decrease of the permittivity is about 7% in the case of 3% porosity, whereas the 
decrease of the permittivity is as high as 20% in the case of 10% porosity. 
Therefore, even if same voltage is applied, the electrostatic adsorption force to be 
obtained may be significantly decreased. Further, as compared with that to a bulk 
portion, an electric field as high as the times of relative permittivity of the bulk 
portion is applied to pores of the ceramic, resulting in occurrence of electric 
discharge responding to that degree. Further, the dielectric strength according to 
the results of measurement carried out by the resent inventors is, as shown in Fig. 
2, seemingly changed in proportion to almost 172 square of the pore diameter of the 
largest pores existing in the ceramic. For example, in the case where the pore 
diameter of the largest pores shown in a comparative example is 20 |im, the 
dielectric strength is decreased to be a half as compared with that in the case 
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where the pore diameter is 5 |im in an example. Accordingly, in the case of the 
comparative example, attributed to a large number of pores, the actual permittivity 
is decreased and further since the temperature is as high as 600°C, the dielectric 
strength is decreased and in addition to that, intrinsic dielectric strength is low 
attributed to large pores, it is supposed that direct current voltage necessary to 
obtain a necessary adsorption force cannot be applied. 
[0016] 

In the above-mentioned example, a case of using silicon nitride for the 
insulating dielectric layer is exemplified. However, it can be easily assumed from 
the above-mentioned descrption that any dielectric material can be used if it has a 
volume resistivity in a range of 10 20 to 10 22 £2»cm and a relative permittivity same 
as that of silicon nitride at a high temperature, e.g., 600°C. The materials other 
than silicon nitride may include, for example, aluminum nitride, beryllia, magnesia, 
spinel, and alumina having a purity of 97% or more. Further, unless the volume 
resistivity, permittivity and dielectric strength are significantly decreased, 
ceramics containing the above-mentioned materials as main components and other 
components may be used. 
[0017] 

Although, in the example, the material for the insulating dielectric layer is 
described, the same material as that of the above-mentioned insulating dielectric 
layer may be used for the ceramic substrate 4. In such a case, the thermal 
expansion of the insulating dielectric layer and the ceramic substrate is equal and 
both can be formed integrally; therefore, it is preferable. 
[0018] 
Example 2 



Based on the findings shown in the above-mentioned Example 1, the 
present inventors have made investigations on the techniques of heating treatment 
of especially semiconductor wafers. As described above, an electrostatic chuck 
operable at a temperature as high as about 600°C can be actualized. However, in 
order to practically heat semiconductor wafers or the like, it has been found that 
there still remain problems. 
[0019] 

That is, at first, the present inventors have made investigations on heating 
while adsorbing a semiconductor wafer 3 using an device schematically shown in 
Fig. 4. Herein, the configuration of an electrostatic chuck 16B itself is similar to 
that of the above-mentioned electrostatic chuck 16. However, a terminal 5A is 
bent at about 90 degrees, one end of the terminal 5Ais connected to a film-like 
electrode 1 and the other end is exposed in the vicinity of a side circumferential 
face 4c of a ceramic substrate 4. Such an electrostatic chuck 16B can be also used 
suitably under a high temperature and high vacuum atmosphere. 
[0020] 

Assuming use of such an electrostatic chuck 16B (or 16), a semiconductor 
wafer is to be heated while being adsorbed, however it has been found difficult to 
carry out heating well. That is, the present inventors put the other main face 4b 
of the ceramic substrate 4 on the heat radiating face 13a of a stainless heater 13. 
With respect to the stainless heater 13, the disk-like substrate 14 is made of a 
stainless steel and resistance heating elements 15 are embedded in the inside of 
the disk-like substrate 14. Cables 12 are connected to both ends of the respective 
resistance heating elements 15, and a pair of cables 12 are connected to an 
alternating current power source 11. 
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[0021] 

However, in a semiconductor producing device which is required to be in 
super clean state, corrosive gases such as chlorine type gases, fluorine type gases 
are used as gases for deposition, gases for etching, and gases for cleaning. 
Accordingly, in the inside of the semiconductor producing device, the stainless steel 
is exposed to corrosive gases at a high temperature and, consequently, undesirable 
particles are generated. 
[0022] 

Further, the surface of the insulating dielectric layer 2 and the 
semiconductor wafer 3 adhere closely to each other. However, the heat radiating 
face 13a of the stainless heater 13 and the main face 4b do not completely adhere to 
each other, there are gaps of 100 |am or less. Such slight gaps are serious in a 
semiconductor producing device. That is, if the pressure is 1 Torr or more, the 
behavior of gas molecules is in viscous flow range and heat transfer (thermal 
conduction) is caused by the gas molecules; therefore, the heat of the heat radiating 
face 13a is relatively efficiently transferred to the electrostatic chuck 16B. 
However, in the middle to high vacuum with a pressure of 10" 3 Torr or less, the 
behavior of the gas molecules is shifted to a molecular range and the heat 
conduction attributed to the gas convection is decreased to extremely low degree. 
[0023] 

Therefore, under the middle to high vacuum conditions, heat is not well 
transmitted between the heat radiating face 13a and the main face 4b, the heat 
loss becomes high and moreover, even if the output of the stainless heater 13 is 
changed, the response of the temperature alteration of the semiconductor wafer 3 
is inferior. Moreover, the degrees of the gaps differ depending on the points and 

11 



the temperature is considerably remarkably changed attributed to even a slight 
change of the gaps. Accordingly, it becomes also difficult to evenly heat the entire 
face of the semiconductor wafer 3. 
[00241 

The present inventors have therefore developed an electrostatic chuck 16A 
schematically shown in Fig. 3. Since the constitution of a film-like electrode 1, an 
insulating dielectric layer 2, a terminal 5 and the like of the electrostatic chuck 16A 
are similar to those shown in Fig. 1, their descriptions will be partially given. 
[0025] 

Resistance heating elements 10 are embedded in the inside of the disk-like 
ceramic substrate 4. When being observed in a plane view from the main face 4a 
side of the ceramic substrate 4, the resistance heating elements 10 are embedded 
swirly. When the shape of the resistance heating elements 10 themselves being 
observed, the resistance heating elements 10 are wound spirally. For example, 
terminals 9 with a column-like shape are connected respectively to both end parts 
of the resistance heating elements 10, and the respective terminals 9 are embedded 
and fixed in the ceramic substrate 4. End faces of the respective terminals 9 are 
exposed in the main face 4b and cables 12 are bonded to these end faces. A pair of 
cables 12 are respectively connected to an alternating current power source 11. 
By operating a switch (not shown), electric power is applied to the resistance 
heating elements 10 to generate heat. 
[0026] 

The materials for the resistance heating elements 10 and the terminals 9 
are preferable to have thermal expansion coefficients close to that of the ceramic 
substrate 4. In the case where the ceramic substrate 4 is formed of silicon nitride, 
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the material for the resistance heating elements is preferable tungsten, 

molybdenum, platinum or the like. 

[00271 

At the time of subjecting a semiconductor wafer 3 to heating treatment, 
the wafer 3 is put on the wafer adsorbing face of the insulating dielectric layer 2 
and an earth wire 7 is brought into contact with the wafer 3. Then, positive 
charge is accumulated in the film -like electrode 1 to polarize the insulating 
dielectric layer 2 and accumulate positive charge in the wafer adsorbing face side of 
the insulating dielectric layer 2. Simultaneously with that, negative charge is 
accumulated in the wafer 3 and, thus, the wafer 3 is adsorbed to the wafer 
adsorbing face based on the Coulomb adsorption between the dielectric layer 2 and 
the wafer 3. Together with that, the resistance heating elements 10 are heated to 
heat the wafer adsorbing face to a prescribed temperature. 
[0028] 

By using such an electrostatic chuck, while the wafer 3 being adsorbed to 
the entire surface of the wafer adsorbing face based on the Coulomb force, the 
wafer adsorbing face can be heated to heat the wafer. Accordingly, the 
temperature response is improved in the entire face of the wafer especially in 
middle to high vacuum atmosphere to make it possible to evenly heat the entire 
body of the wafer 3 and prevent deterioration of the evenly heating property for the 
wafer W attributed to gaps between the wafer 3 and the wafer heating face. 
Consequently, heating treatment of the wafer 3 can be evenly carried out in the 
entire wafer face to prevent decrease of the yield of semiconductors. 
[0029] 

Further, since the resistance heating elements 10 are embedded in the 
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inside of the ceramic substrate 4 and the film-like electrode 1 is interposed between 
the insulating dielectric layer 2 and the ceramic substrate 4, unlike the case of 
using a stainless heater, no contamination is caused. Further, since the resistance 
heating elements as heat sources are embedded in the ceramic substrate 4, the 
heat efficiency is remarkably improved as compared with that in the case a heat 
source is installed in the outside of an electrostatic chuck. Especially, under 
middle to high vacuum atmosphere with a pressure of 1CT 3 Torr or less, the heat 
from an outside heating source is extremely difficult to be transmitted as described 
above, so that it is remarkably effective that the resistance heating elements are 
embedded in the electrostatic chuck just like the case of this example. 
[0030] 

With respect to the respective heating facilities shown in Fig. 3 and Fig. 4, 
experiments were carried out to compare the heating efficiency and the evenly 
heating property. As the materials for a ceramic substrate 4 and an insulating 
dielectric layer 2, a silicon nitride ceramic having a porosity of 2% and a pore 
diameter of the largest pores of 3 ^im were used. The diameter of a semiconductor 
wafer 3 was adjusted to be eight inch. A stainless heater 13 and an electrostatic 
chuck 16B were pressurized to each other to suppress the gaps between a heat 
radiating face 13a and the main face 4b to 100 Jim or less. The pressure in a 
semiconductor producing device was adjusted to be 1 x 10~ 6 Torr or less and the 
voltage applied from an alternating current power source was set to be 1000 V. 
[0031] 

With respect to the device shown in Fig. 3, when the average temperature 
of the surface of the semiconductor wafer 3 became 300°C, the surface temperature 
of the insulating dielectric layer 2 was 320°C and the dispersion of the surface 
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temperature of the semiconductor wafer 3 was ±3°C. With respect to the device 
shown in Fig. 4, when the average temperature of the surface of the semiconductor 
wafer 3 became 300°C, the surface temperature of the stainless heater 13 was 
580°C and the dispersion of the surface temperature of the semiconductor wafer 3 
was ±15°C. 
[0032] 

Effects of the Invention 

By an electrostatic chuck according to the present invention, since an 
insulating dielectric layer is made of silicon nitride or the like having a porosity of 
3% or less and a pore diameter of the largest pores of 5 |im or less, the insulating 
dielectric layer keeps a volume resistivity and a permittivity suitable to generate 
electrostatically adsorbing force and the dielectric strength is not so much 
decreased even in a high temperature and middle to high pressure atmosphere of, , 
for example, a thermal CVD device or the like, so that a semiconductor wafer or the 
like can be adsorbed. 
Brief Description of the Drawings 

Fig. 1 is a schematic cross-sectional view showing an electrostatic chuck 16 
according to an example of the present invention. 

Fig. 2 is a graph showing the correlation between the dielectric strength 
and the size of the maximum pore of a silicon nitride ceramic of the example. 

Fig. 3 is a schematic cross-sectional view showing an electrostatic chuck 

16A. 

Fig. 4 is a schematic cross-sectional view showing the state where a 
stainless heater 13 and an electrostatic chuck 16B are layered. 
Explanation of the Symbols 
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1: film-like electrode 

2: insulating dielectric layer 

3: semiconductor wafer 

4: ceramic substrate 

4a: one main face 

4b: the other main face 

5, 5 A: electrode terminal 

6: electrode cable 

7: earth wire 

8: direct current power source 
9: terminal 

10: resistance heating element 

16, 16A, 16B: electrostatic chucks according to the examples of the present 
invention 
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Fig. 2:translation of the figure 

Lateral axis :DIELECTRIC STRENGTH 

In the middle of the picture: TEMPERATURE :600°C 

Longitudinal axis: SIZE OF THE MAXIMUM PORE 
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